INTRODUCTION
Potential evapotranspiration (ET 0 ), which was also called reference crop evapotranspiration, is a key factor in the process of the surface water cycle and energy balance. Its temporal and spatial variation is not only an important aspect in the study of climate change, but also an important manifestation of water resources and the eco-environment in response to climate change (Hupet & Vanclooster ) .
In arid and semi-arid regions, water is a major constraint to agricultural production, so the estimation of evapotranspiration is of great importance for water resource planning and efficient utilization (Liu et al. ) . Actual observed evaporation capacity is more difficult to determine, therefore potential evapotranspiration has been widely used in water resource research and production practices of agricultural irrigation. ( Jiang et al. a, b, c, d) showed that the climate system in NSQ has undergone significant changes since the 1990s. In this area, a clear warming and humidifying phenomenon occurred; additionally, radiation and wind speed (WS) decreased. All of these factors modified the regional energy and water cycle, of which the evapotranspiration process is an important component. At the same time, the land surface environment also dramatically changed. Figure 1 and To guarantee the accuracy of the results, the data were preprocessed before the analysis. The observational data of missing data years for more than 10 years (including 10 years) were excluded. The time series data of partially relocated stations were unified, and the remaining missing observation data were completed with a linear regression method and adjacent station interpolation to ensure the integrity of the time series. The division of the year is This research adopts the FAO Penman-Monteith method (Equation (1)) (Allen et al. ) to estimate daily
, and several parameters are calibrated using the observed data for each station in the different regions when we estimate the net radiation (R n ):
where ET 0 is the potential evapotranspiration, R n is the net radiation at the crop surface (MJ m is estimated by the following formula as:
where S is Kendall's statistic and is described by the following equation:
x i denotes a time series from i ¼ 1, 2…n À 1 and x j denotes another time series from j ¼ i þ 1…n, where each point x i is used as a reference point of x j using the following equation:
If the dataset is identically and independently distributed, then the mean of S is zero and the variance of S is:
where n is the length of the dataset, t is the extent of any given time, and ∑ denotes the summation over all ties.
The Mann-Kendall test may then be simply stated as fol- 
where 1 < l < j < n, β is the median of all combinations of record pairs for the entire dataset, and is resistant to the effects of extreme observations. A positive β denotes an increasing trend, while a negative β indicates a decreasing trend.
Change point analysis
Identifying change points is one of the most important statistical techniques for climate data analysis. In this study, the Pettitt test (Pettitt ) and cumulative anomaly curve (CAC) (Wei ) were used to explore (abrupt) changes within meteorological series. The non-parametric Pettitt test detects a significant change in the mean of a time series when the exact time of the change is unknown (Pettitt ).
The test uses a version of the Mann-Whitney statistic U t,N , that tests whether two sample sets x 1 , … x t and x tþ1 , … x N are from the same population. The test statistic U t,N is given by:
and
The test statistic counts the number of times a member of the first sample exceeds a member of the second sample. The null hypothesis of the Pettitt's test is the absence of a change point. The test statistic K N and the associated probability (P) used in the test are given as:
Additionally, the cumulative anomaly curve (CAC) (Wei ) was generated to identify change points of the climate series.
Contribution analysis
With the multiple regression model, the relative contribution of an independent meteorological variable for ET 0 is defined as:
where ET 0 is the dependent variable, AT, SH, DTR, WS, P, WVP, …… are the independent variables, a AT , a SH , a DTR , a WS , a P , a WVP , …… are the regression coefficients, η i is the relative contribution, and i ¼ AT, SH, DTR, WS, P, WVP, ……..
RESULTS AND ANALYSIS Spatial distribution of ET 0
The long-term average annual value of ET 0 in NSQ was and the ET 0 in SSQ was highest in winter.
Temporal variation of ET 0
The Pettitt test and cumulative anomaly curve were used to detect the turning point of ET 0 , see Figure 3 . In Figure 3 , the change points were detected in the whole region and each sub-region, which occurred in 1979, the other turning points were not significant. According to the cumulative anomaly curve (Figure 3(f) ), a turning point of annual ET 0 lied in 1993, but it did not pass the Pettitt test. Based upon above analysis, we identified 1979 and 1993 as the turning points, and further divided the ET 0 series into three periods including 1960-1979, 1980-1993, and 1994-2012, see and winter (0.2 mm decade -1 ). Something that needs to be addressed is that the decline (À13.6 mm decade -1 ) in the latter summer period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) was significantly greater than that (À4.9 mm decade -1 ) in the former summer period (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) , neither trend was significant; the change trends of ET 0 in the latter period and former period of spring, autumn, and winter were opposite.
The attribution of ET 0 changes
The factors that influence ET 0 were divided into three categories. The first factor was power, which mainly referred to wind speed (WS). The second factor was thermodynamics, including air temperature, solar radiation and the DTR; the third factor was moisture, namely, precipi- Relative humidity was calculated based on the resulting WVP; they had different values under the same indicator, so we chose only the WVP for analysis. The DTR is the difference between the daily maximum and MIT. Using the years of 1979 and 1993 as the turning points, we divided the time series into three phases (1960-1979, 1980-1993, and 1994-2012) , and we studied how the meteorological factors changed in these three time periods 
); all of the trends passed the 99% during 1980-1993 and 1994-2012 , the contributions of SH and WS to ET 0 were above 20%, respectively (Table 3) .
Thus, sunshine and wind played an important role in the process of evapotranspiration at this stage. It is noted that the contribution rates of the various meteorological factors were not the same in the three periods; this finding was mainly caused by the change of the dominant meteorological factors. supply of NRQ was adequate, and the ET a was mainly controlled by the water conditions. Therefore, regardless of the increase or decrease in the ET 0 , the ET a decreased with declining precipitation.
In this research, we used the advection-aridity model and GG model proposed by Granger and Gray to calculate regional ET a . These two models were based on the water balance approach; considering the streamflow data availability, we took HRB as a case study to calibrate the model. The calibration process was made on an annual basis, the detailed process can be found in Xu () and Wang et al. () . In Figure 8 , the ET a and ET 0 in HRB show a similar change in trend and fluctuation pace.
The explanation was that the water supply of the southern area of the Qinling Mountains, including SSQ, HRB, and BWV, was adequate, and the ET a was mainly controlled by energy conditions. Thus, the ET a decreased with the decreasing ET 0 .
Some deficiencies and uncertainties still exist in current research. The approach (the estimate based FAO PenmanMonteith method) does not exactly express the regional evapotranspiration, especially at high altitudes, so that more parameter calibration and formula improvement need to be carried out in the future. According to the long length of data series, inevitably the dataset has a spot of missing data. We discarded some stations that had large amounts of missing data, which will influence the precious description of ET 0 distribution. In addition, WS plays an important role in changing ET 0 . Changes in atmospheric circulation, air humidity, irrigation, and atmospheric conditions have all resulted in the change of WS; it is difficult to quantitatively pinpoint the cause of the converse changing WS.
Conclusions
1. The spatial distribution of ET 0 was high in the northeast but low in the southwest, with the highest value in NRQ and the lowest value in BWV, which decreased from north to south. The seasonal distribution was as follows:
summer > spring > autumn > winter.
2. The turning points of the ET 0 trend over the whole region and sub-regions occurred in 1979 and 1993, at which the value began to decrease or increase over the whole region and sub-regions. At the seasonal scale, in the period of were the main causes of the ET 0 decrease, which offset the effect of the increase in temperature.
